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SUMIARY

An Investigation was carried out in the Langley
two-dimensionsl low-turbulence tunnels for the purpose
o' developing an optimun: flan configuration for maximum
1ift on an airfoil section for the Republic XF-12 airplane
equinped witii & double slotted flap. Lift arna flap
loads weres obtained at seversl flan defleciions for two
flan naths. Drag characteristics of the section with
flaps retracted were also determined.

A maximum lift coefficlent of %2.Li% was measured
for this airfoil-fla»n combinetion for a flan deflection
of 60° at a Keynolds number of 1l million. An investi-
gation of flap and fore flan configurations showed that
the configuration for which thils maximam 1ift coefficient
was measured was very rnearlv the optimum. laximum 1ift
coefficients were shown to increase with Reyrolds number
for all deflections excent the best maximunm 1ift
defllection, at which a decrease in Reynolds numoer from
1L millicn to 5.5 million casused an increase of about
0.1 in maximum 1ift coefficient.

INTRODUCTION

At the request of the Army Air Forces, Air Technical
Service Command, tests have been conducted in the two-
dimensional low-turbulerice tunnel and the two-dimensional
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low=turbulence pressure tunnel on a 37,5-inch-chord
mocdel of a wing section of the Republic XP-12 alrplane.
The model was equipped with a double slotted flap

which was deslgned to operate with a variable position
of the fore flap with respect to the flap. The section
at the station represented by this model 1s intermediate
hetween the Republic R-l,l0-318-1 and Rel,L0=}13-,6
airfoliis.

Tests included an investigetion of flan and fore
flap configuraticons for maximun 1ift, 1ift characteristics
at several flap deflections for two flap vaths, and flap
and fore-~flgp loads. The =2ffsect of Reynocldzs number and
standard leading-edss rourshness on the 1ift and drag
cheracteristics were deterrmined Tor ceveral configu-
rations.

SYMBOL3
c airfoil chord
Ao sectleon angle of attack
cj section drag coefficient
cy secticn 1lift cecefficient
Cy cection maximum 1ift coefficient
nax
Cne flap normal-force cecefficient, besed on flap
chiord
Chnee fore-flan normal-force ccelficient, based on
fore-flep chord
Co flan chord-force coefficient, hased con flap
t chord
ccf,f fore-flan chord-force coefficient, baced on

fore-flep chord
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N

Crop flan moment coefficient about flap reference
point, based on flap chord

Chpp fore-flap moment coefficient about fore-flap
* reference roint, based on fore-flap cnord
R Reynolds number

5f,5ff deflections of the flap and fore flap,
respectively, measured from the wing chord
line

Xpe,¥rr horizontal and vertical nositions of the fore-
flap reference vncint measured from the most
rearward station of the wing slot in percent
of ¢, positive to the rear and below,
respectively

Xf yr horizontal and vertical nositions of the flap
reference point measured from the fore-flap
trailing edge in vercent of ¢, nositive to
the rear and below,resvectively

MODEL AMD METEODS

The model was constructed by the Republic Aviation
Cornoration to the ordinates given in tavle I. The
flar alone hed a chord equal to 0.23%3c and the fore
flep elone had a chord equal to 0.092c. Figure 1 shows
a sketch of the airfoil section, the flap, and the fore
flep. The foreward portion of the model was constructed
of laminated mahogany. The flap and the fore flap were
constructed of aluminum alloy. The main wing section
and the flap and fore flap were nrovided with flush
pressure orifices at several stations along the mid-
snan of the mndel.

Flan and fore-flap configurations for each of the
flap naths are shown in figure 2. The second vath was
decsigned by the contractor tc nrovide low operating
loads and will be referred to as the modified flap path.
The 60° configuration shown for the original flap path
is the nosition found to give the nichest maximun 1ift.
Lift and drsg tests were made by the methods described
in reference 1. Pressure distributions were read
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directly from a multiple-tube manometer connected to

the nodel pressure orifices. The orifices were filled
with glazing putty for all but the pressure-distribution
tests, Recause of time limitations it was necessery to
run both the 1ift and oressure-distribution tests for
the modified flap path concurrently.

Data were corrected to free-air values by the
following equeations In which the »rimed quantities
renresent values measured in the tunnel,.

cq = 0.97hcg!
Ci = 0.93802'
a, = 1.036a,!

A complate discussion of these corrections as
applied to data obtalned in the two-dimsnsional low-
turbulence tunnels is contained in reference 1.

Flap and fore-flap loads were obtalned from
integrations of »ressure-distribution diagrsms. The
large amount of pressure-distribution data obtained
is not presented.

RESULTS AND DISCUSSION

ILift.- An investigation was first carried out to
determine which of several configurations of the flep
and fore [lan would »rovide the best maximum 1lif
characteristics. A configuretion which was considered
good was set un end systematic variastions of the
various narameters were investipated. The values of
these vearsameters for the original configuration are
shown in the following table:

6re 259 6r = 60°

-2.5

1

Xff = -O.2h Xf

'...J

Yep = 2.0 Ve = 5
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1

The eflfect of fore-flomn deflection is shown in

figure %(a). Fore-flan deflections of 20°, 25°,

and 30° were investigated, all otuner parswetsrs being
x20t congtant. These results show thet uzing s fore

flap deflection higher than 25° would cause an eoorecisble
decreagc in the maximum lift. Changes in the position

of the flap and fore flap es a unit were then investi-
gated. The maximum 1ift coefficients are »lotted in
fisure %{b) 25 2 function of the horizontal and vertical
nositions of the fore-flap retference rnoint. The
highest pmeaximurn 1ilft was cbtained with the fore-flap
reference volnt 2 percent bzlow and 0.5 percent behind
the trailing edge of the mein wing section. The fore
flap was then ni2ld at this position and the flap rotated
about 1ts reference voint. The lift chesracteristics at
la> deflections of 557, 6C9, an&,bSQ_arc gshewn in

fizure li(a). The maxlmum 1ift 1s siiovn to increase
cradually with flan deflection but the 1lift curve obtained
at 65° shows a smell break st about C% angle of attack.
The flan deflsction was therefore limited to 60°, With
tne Tore flian at its best vositicn and the Tlan and
fore-flan deflections at 00° and 25°, resnectively,

he flan nosition was varied. MNaximum 1ift values are
plotted apainst thas flan nosition parameters Xp and Vg

in figure li{b). The highest maximw: 1ift obtained was
2.56 with the flap 2 vercent below and 1.5 percent

forward of the fore-flgn trailing edze. It is realized
thet this curvey cof flap and fore-flan configurations

is not comrnlete and that slightly higher values of maximum
1ift might be obtained by 2 more extensive investigation,
but the final configuratlion is believed to he very near
the ontimur for maxirmum Llift.

A comparison of figures 7 and li shows that gener-
ally this double sletted flap is more sensitive to
chenges in pesition and deflection of the fore floo than
of the flan. A decrease of anxproximately 0.2 in maxinum
1ift is caused by a 1 percent movement in sither the
vertical or horizcntal directions Trom the best {ore-
flap position while a decrease of cnly 0.1% is caused

by a totel movement of % percent horizontally and
1.5 vercent vertically from the best flap position.

Lift chaeracteristics for tne best flas configuration
at several Reynolds numbers are snown in f‘bnre 5. The
meximwn 1ift is shewn to decrease fro. 2.55 at a Reynolds
number of 3.5 million to 3.3 at 1l millicn. It uhould
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be noted that the ontimum oosition was found at a
Revnolds number of %2.5 million. The ontimun positicn
at other Reynolds numbers might be sligntly different.

Iift characteristics for flap deflections of 07,
20°, 1,09, and 60° are shown in figure o for the original
flan path at Reynolds numbers of #.5 and 1L million in
the smooth condition and with standard lesding-edge
roughness for the hirher Reynolds number. Figure 7 shows
tie 11ft characteristics at several flan deflections
For the modified flan math. Dsta for this flan path
were obtained only at a Reynolds number of 3.5 million
and the maximwn 1ift values mav be slichtly low because
of slicht surfacs Irregulerities at the open nressure
ori’ices. Values of the maximum 1ift are shown 1In
ficure 3 nlotted azainst flap deflectlon for cach of
thase conditions. The effect of increasing the Reynolds
number is shown to be favoravle for 21l but the best
maximum 1ift confisuration and the effect of roughness
is skown to be less ecn the best maximum 1ift configuration
than on any other. A comperison of the thres sets of
1ift data in [igurs b shows that at the low flap
dellectiors the scale effect 1s confined to the maximum
1ifts while at the higher ceflectione the whole 1ift
curve is shifted downwerd by an increase in Reynolds
numoser. In most cases tne rouzhnsss effscts only the
mexirur lift. The fact that tlie curves of mexinmum
1ift against flap deflection for the originel flap
nath are irregulsr and Dsall rather sihernlvy at a deflection
of 600, particulsrly st a Reynolds nwrber of 5.5 million
can be explained by the fact that, at this deflection,
the flen and fore flap are at, or very near their
optimum configurations while at other deflections,
their configurations are deteruined by the flan retracting
mechanism.

Dra%.; Figure 9 shows the drag characteristics of
this alrfoll section with flap retracted at Reynclds
numbers of 3.5 and 1l million and at 1 million with
standard leading-edge roughness. A comparison of the
data in this figure with data previously obtalned on
other almost similar airfoils at lower Reynolds numbers
shows that the minimum drag of this section 1s slightly
higher than that of the Republic Rel;,j0-318-1 ailrfoll
but that the effect of roughness is considerably less.
The difference in minimum drag in the smooth condlition
may be explained by the slight amount of unfalrness at
~the flap and by the fact that the flap-airfoil Jjoint
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was not sealed agalnst tre possibility of leakage. The
Incremsnts in minimum drag caused by roughness are
probably differsnt because of the aifference in Reynolds
numbora,
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1ift confisurstion was rhown to increase with Reynolds
neher. The maxiris 1it coefficient Jor the optimum
confiruretion is shown to be approximately 0.10 higher
at .5 million thar at 1 million.

Tangley Yemoriasl Aeronautical Lahorsatory
Nationsl Advisocory Committee Ior Aeronsautics
Langley Field, Va.
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TABLE I

ORDINATES FOR WING, FLAP, SLOT, AND FORE FLAP
[§tations and ordinates given in percent of wing chon@]

Wing Sectlon Plap
Upper " Lowsr Upper surface lower surface
‘Sf:a”ti?n" gurface surfage - Station Ordinate 8tation Oordinate
0 0
.50 1.62 1.040 T 530 1.101 77-330 2.832
15 1.96 1.3 g 1.97 78.516 3,022
1,25 2.186 1.72 g 2.97 9.773 3,011
2.50 Jih6 2.K 83.25 3.[91 0.000 2.976
5,00 E. 95 . 85.62 3.662 85.000 2.19
7.50 2.%01 3.123 86.8 3,616 90,000 1.
10.90 611 L. 651 88.12 3..,08 95.000 .680
15.00 g.ssu 5.130 90.000 2.987 100.000 1019
20.00 772 2.953 95.000 1.531
25.00 9.hgu ,30; 100.000 .019
30.00 9.92} 6.21
5.00 10.223 6.627 L.E. radius: 1,912
0.00 10.361 6.619 L.E. radiug below wing chord lines 0,929
45.00 10.32 6.526 L.E. radius aft of wing L.E.s 78.058
50.00 10.1 6.283
S R
65.00 3.505 .011
70.00 2.660 E.uos
5.00 .668 3.712
0.00 .545 2.97
85.00 3.315 2.1;2
90.00 2.987 1.l
95.00 1.531 .éao
100.00 .019 .019
L.E. radius: 1.830
8lope of - radius through L.E.s 0.133 |

slot
Station Ordinate
69.377 -4.)80
69.377 -2, u19
29 625 -1. gza
7?) gi; -451 Fore Flap Dimensions
70.812 .107
7i.404
72.590 1.3 g
;[Z erf% %'83 NATIONAL ADVISORY
8.516 2,958 COMMITTEE FOR AERONAUTICS
0.38 3.598
s L
80811 3833
83.12 3 u32
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Figure 5> .- LIft characterlistics of a wlng sectlon of the Republlc XF-12
alrplane equlipped with a double slobtted flap at varlous Reynolds
nunbers. Optlaun gaximum 11ft configuration; 6p = 60°; xp = -1.5;
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Yf = 2.0; 6ff = 25 ; xff = .5; yrr ="2.0.
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- Origlinal flap path; R = 2,5 x 106-__\ —V =~ A __

Maximun section 1ift coefficlient,
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\ |
1.6 A \ N Original flap path; R = 1.0 x 106;
\ standard L.E. roughness. i
1.2 \\“~‘~'Mod1fied flap path; R = 3,5 x 106 —]
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NATIONAL ADVISORY
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4] 10 20 20 Lo 50 60 70

Flap deflection, bf, deg

Floure g .- Maximum section 11ift coeffici
g . h ents at various fla
deflectlons for both tlap paths. g
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